In these glycerol-extracted fibers it was found that a reduction in ATPase activity of IO, 20: and 30 % resulted in a decrease in tension of I 2, 25 , and 38 %. If the experiments on the glycerinated preparation can be extrapolated to the intact heart, then an alteration in actomyosin which resulted in a decreased ability to utilize ATP could readily decrease the power output of the heart. If this is the case for the hypertensive patient, the heart might then be unable to keep up with the increased work load, and failure would follow.
In the experiments reported below, myofibrillar ATPase activity was determined in normal and failing human hearts. At the optimal substrate concentration the myofibrils from the failing heart had an ATPase activity which was 35 % lower than the normal ATPase activity. This difference and a difference in the slope of the Mgff activation curve is additional evidence that the lesion in human heart failure following prolonged hypertension is in the myofibril itself.
METHODS
Choice of specimen. Twenty grams of left ventricular muscle was obtained from each of 16 postmortem human hearts. These included seven specimens from patients in heart failure and nine from normal subjects. The tissue was obtained from 2.5 to I I .5 hr after death. Tissues in the failure group met the following clinical and pathological criteria : I) history of chronic benign essential hypertension;
2) clinical diagnosis of congestive heart failure including signs and symptoms of dyspnea, orthopnea, and peripheral edema, with or without cough, hemoptysis, paroxysmal nocturnal dyspnea, hvpertensive , retin opathy, cerebral symptoms, Cheyne-Stokes respiration, elevated venous pressure, and increased circulation time, 3) radiologic or electrocardiographic evidence of left ventricular hypertrophy and/or dilatation; -f) pathologic diagnosis of hvpertensive heart disease with , evidence of hypertrophy and dilatation and heart weight greater than 450 g (minimal arteriosclerotic changes c did not exclude a subject from this category).
In one experimental heart, an additional clinical and pathologic diagnosis was made of advanced pulmonary silicosis with car pulmonale and right ventricular hypertrophy and dilatation.
Normal tissue in all cases met the following clinical and pathological criteria : I) history of traumatic death in an otherwise normal subject; 2) no pathologic evidence of heart disease, with heart weight less than 375 g. Myojbrillar preparation. Immediately after obtaining the tissue, approximately 3 g of the total sample was used to prepare the myofibrils.
The remaining tissue was kept at room temperature, wrapped in sponges and moistened with physiologic saline solution. Myofibrils were prepared from the tissue kept at room temperature at successive 3-4 hr intervals. No preparation was begun later than I 3 hr post mortem. In this manner, I 3 of the 16 hearts were run at two or three different postmortem intervals in order to assess the effect of time after death on ATPase activity. As a result, a total of 16 experiments were performed on the failing group and 18 on the control group. Mvofibrils were isolated according to the methods of Perry (I 3). The isolated myofibrils were suspended in a volume of KCl-tris solution equal to 30 times the weight of the original tissue samples (about go ml). The concentration of KC1 and tris in this final diluent was such that the proper molarity of all constituents would be obtained.
This final mvofibrillar suspension was used to measure , (Tables  5 and 6 ). Correlation between A TPase activity and time after death. There is no correlation between ATPase activity and time after death between 2.5 and I 3 hr post mortem. This was tested at each ATP-MgC12 concentration in both the normal and failing groups bv determining the product "moment" correlation coefficient (Tables 3-6 ). Since no correlation was found, the determinations at different postmortem intervals on any single heart were considered as duplicate samples, and the mean of these duplicates was calculated. This single mean value for each heart was used in all su bsequent calculations.
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Correlation between A TPase activity and MgC& concentration. A significant correlation was found between ATPase activity and MgCl:! concentration at the same ATP concentration.
In both normal and failing groups, increasing the MgC12 concentration resulted in an increase in activity. This was tested by linear regression analysis. The effect of increasing MgClz concentration was found to be of different magnitude in normal and failing groups. The failures did not respond as much as the normals. This was reflected in the significant difference in slopes of the normal and failing groups in the regression analysis (Fig. I, (Tables 7 and 8) .
Correlation between A TPase activity and a,ge of patient. There is no correlation between ATPase activity and age of the patient. This was tested at each ATP-MgCIZ concentration.
Normal and failing groups were tested separately by determining the product moment correlation coefficient (Tables  3-6 ). Normal subjects ranged in age from 24 to 46 years. Failures ranged from 44 to 85 years. As these are different populations, no correlation may be made between activity and age in both groups together. Figure 3 demonstrates the effect of age on activity from 24 to 85 years inclusive, irrespective of normal or failing history. While such a correlation is not permissible, the need for data on young heart failures and old normal hearts is apparent.
DISCUSSION

Myofibrils
from hearts in congestive failure exhibit a lower ATPase activitv than those from normal hearts. This raises the question as to the quantitative relationship between myofibrillar ATPase activity measured several hours post mortem, and ante-mortem activity of the same preparation.
Since it is very difficult to procure o time samples it is almost impossible to answer this question using human tissue. Therefore, two canine hearts were studied at o and 4 hr post mortem. No change in myofibrillar ATPase activity was observed over the 4-hr period. Arnold and co-workers (I 7) reported no change in myofibrillar ATPase activity of normal canine hearts from o to 6 hr post mortem, and only a 5 % change after 24 hr.
In our study, no correlation between the postmortem interval was found from 2.5 to I 3 hr after death for the normal hearts, and between 4 and I 2 hr after death for the failing hearts.
Thus, on the basis of both the human and dog experiments, in the case of the normal heart, it may be inferred that the activity measured up to I 3 hr post mortem is the same or very close to the same as ante-mortem activity. Unless the rate of autolysis in the failing heart is significantly greater than in the normal in the first 4 hr after death, postmortem activity is a valid measure of in vivo activity in this group as well.
The activating effect of Mg ions on the myofibrillar , actomyosin system of rabbit skeletal and heart muscle (I 3, I 8) as well as on normal human myofibrillar ATPase activity (I 7) has been described. Our demonstration of a positive correlation between MgC12 concentration and ATPase activity in normal hearts confirms these earlier observations.
In addition, this same positive correlation was found in the failing group. However, the degree of response is significantly different in the two groups. The slopes of the regression lines in Fig. I and the data of The inhibitorv effect of increasing substrate concentration was similar in both normal and failing groups (Fig. 2) .
ATPase activity was significantly lower in the failing group in four of the seven different ATP-MgClz concentrations (Tables  7 and 8 ). Our hypothesis was that the decrease in contractilitv of heart muscle in chronic congestive failure resulted from a diminution in myofibrillar ATPase activity. This was based on: I) the demonstration of a decrease in contractility of actomyosin bands (IO) and glycerinated fibers (I I) from failing heart muscle; and 2) the constant association between the rate of ATP hydrolysis and the extent of shortening on tension development in muscle models (I 2, I 9). The demonstration of a decrease in ATPase activitv in failing hearts supports the hypothesis.
The mechanism underlying such a change in activity would seem to reside in some alteration of the contractile proteins, actin and mvosin. This is particularly apparent in view of the fact that myosin, or more specifically H meromyosin, is the ATPase (20) .
Efforts to dissociate ATPase activity from the myosin molecule have not been successful. Evidence for molecular weight changes in mvosin and depolymerization of actomyosin in failure has been presented ( I, g, 2 I). Others have not been able to reproduce these findings (22, 23 would seem likely, on the basis of this study, that one of the biochemical lesions in congestive heart failure following hypertension is located in the contractile mechanism itself. The apparent stimulus for this change is the increased pressure work which the heart must carry out in the disease.
A word of caution with respect to the difference in ATPase activity between normal and failing hearts must be injected at this point. It has been shown that age of the patient has no correlation with activity in the normals (ages 24-46) or the failures (ages 44-85). This was tested in each group at all seven different ATP-MgCl2 concentrations. The data do not permit an assessment of the effect of age on normal or failing ATPase activity from ages 24 to 85.
The difference demonstrated then, is between "young" normals and "old" failures (Fig. 3) . The absolute lack of correlation with age within each group at all ATP-MgClz concentrations strongly supports the view that this is a difference due to a clinical history of congestive heart failure. Studies are now being performed to measure the myofibrillar ATPase activity of young failures and old normals.
In addition a comparison must be made between hypertrophied hearts which are in failure and those which have compensated adequately. 
